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Magnetic excitations and magnetic structure of EuRbFe4As4 were investigated by inelastic neu-
tron scattering (INS), neutron diffraction, and random phase approximation (RPA) calculations.
Below the superconducting transition temperature Tc = 36.5 K, the INS spectra exhibit the neutron
spin resonances at Qres = 1.27(2) A˚
−1
and 1.79(3) A˚
−1
. They correspond to theQ = (0.5, 0.5, 1) and
(0.5, 0.5, 3) nesting wave vectors, showing three dimensional nature of the band structure. The char-
acteristic energy of the neutron spin resonance is Eres = 17.7(3) meV corresponding to 5.7(1)kBTc.
Observation of the neutron spin resonance mode and our RPA calculations in conjunction with the
recent optical conductivity measurements are indicative of the s± superconducting pairing symme-
try in EuRbFe4As4. In addition to the neutron spin resonance mode, upon decreasing temperature
below the magnetic transition temperature TN = 15 K, the spin wave excitation originating in the
long-range magnetic order of the Eu sublattice was observed in the low-energy inelastic channel.
Single-crystal neutron diffraction measurements demonstrate that the magnetic propagation vector
of the Eu sublattice is k = (0, 0, 0.25), representing the three-dimensional antiferromagnetic order.
Linear spin wave calculations assuming the obtained magnetic structure with the intra- and inter-
plane nearest neighbor exchange couplings of J1/kB = −1.31 K and Jc/kB = 0.08 K can reproduce
quantitatively the observed spin wave excitation. Our results show that superconductivity and long-
range magnetic order of Eu coexist in EuRbFe4As4 whereas the coupling between them is rather
weak.
I. INTRODUCTION
Recently, new family of iron-based superconductors
AeAFe4As4 with Ae = Ca, Sr, Eu and A = K,
Rb, Cs (termed “1144”) were reported by Iyo et al1.
EuRbFe4As4
2,3 can be regarded as an intergrowth of
EuFe2As2 and RbFe2As2, both of which belong to
so-called “122” family. Unlike solid solutions such
as (Eu1−xNax)Fe2As2
4,5 and (Eu1−xLax)Fe2As2
6, in
EuRbFe4As4, Eu
2+ and Rb+ ions occupy crystallograph-
ically inequivalent sites alternately between the FeAs
layers along the c axis because of the large difference
between their ionic radii7. Consequently, EuRbFe4As4
crystallizes in the tetragonal symmetry (P4/mmm), and
no structural phase transition takes place down to 2 K7.
The unique structure of the 1144 compounds is that there
are two different kinds of As sites in contrast to the single
As site in the 122 compounds.
As is well established, the non-superconducting par-
ent compound EuFe2As2 undergoes a spin-density-wave
(SDW) order in the Fe sublattice accompanied by a
tetragonal-to-orthorhombic structural phase transition
below 190 K8,9. Hole doping by substitution of Rb+ for
Eu2+ in EuFe2As2 gives rise to suppression of the SDW
order in EuRbFe4As4, in favor of the occurrence of su-
perconductivity below Tc = 36.5 K
2,3. Bulk property
measurements indicated that EuRbFe4As4 shows behav-
iors similar to optimally doped 122 superconductors2,10.
The normal state of the FeAs layer in EuRbFe4As4 is
paramagnetic metal11. On the other hand, Curie-Weiss
fitting on the magnetic susceptibility measurement sug-
gests that Eu2+ ion has a local magnetic moment with
S = 7/2 and the Curie-Weiss temperature θ is positive,
suggesting that the dominant magnetic interaction be-
tween Eu2+ ions is ferromagnetic3,7,10,12. Upon further
cooling below Tc, the Eu sublattice shows a long-range
magnetic order at TN = 15 K
3,10. The Eu sublattice
of parent EuFe2As2 undergoes a so-called A-type anti-
ferromagnetic order below TN = 19 K
13,14, and smaller
TN in EuRbFe4As4 is due to the longer interlayer dis-
tance between the Eu layers compared to EuFe2As2.
In fact, upon increasing hydrostatic pressure, the lat-
tice constant c (or interlayer distance of the Eu sublat-
tice) decreases while TN increases in EuRbFe4As4
15,16.
2It is noticeable that no reentrant superconduc-
tivity was observed in EuRbFe4As4
2,3 unlike ob-
served in Eu(Fe0.89Co0.11)2As2
17, Eu(Fe0.86Ir0.14)2As2
18,
Eu(Fe0.75Ru0.25)2As2
19, Eu(Fe0.93Rh0.07)2As2
20, and
EuFe2(As0.7P0.3)2
21.
Although s-wave superconductivity with a complete
gap throughout the Fermi surface is reported by the opti-
cal conductivity measurements22, the microscopic mech-
anism underlying the superconductivity in EuRbFe4As4
has not been completely elucidated yet. In particular,
due to the large neutron absorption cross section of Eu,
the neutron spin resonance23–32, which provides a strong
constraint on the relative signs of the superconducting
gaps on different portions of the Fermi surfaces33–40, has
not been reported. In the meanwhile, the detailed mag-
netic structure of the Eu sublattice in EuRbFe4As4 is
not determined yet using a microscopic technique such as
neutron diffraction. Investigation of the magnetic struc-
ture by means of the microscopic technique is necessary
because various types of the magnetic structures of the
Eu sublattice are reported in the doped EuFe2As2 com-
pounds13,14,41–43. Moreover, there is no experimental re-
port on the spin wave excitation from the long-range or-
der of Eu2+ in EuRbFe4As4.
So far, there is no experimental evidence about the
sign-changing superconductivity in Eu-containing iron-
based superconductors, which can demonstrate that Eu-
containing iron-based superconductors also belong to the
same paradigm as other iron-based superconductors in
spite of the local magnetic moments of Eu2+ between
FeAs layers. Moreover, there is a longstanding issue
about the possible interplay between the long-range mag-
netic order of Eu2+ local moments and the superconduc-
tivity of the FeAs layer in the Eu-containing iron-based
superconductors18,41,44–53. It is, therefore, important to
report such coupling in the case of EuRbFe4As4 since
EuRbFe4As4 contains no substitutional disorder. Mea-
surements of magnetic excitations from the FeAs and
Eu layers in (Q, ~ω) space in EuRbFe4As4 will give us
the key ingredient to discuss the possible cooperative be-
haviors. In this paper, we investigated the neutron spin
resonance by combination of inelastic neutron scatter-
ing (INS) measurements and random phase approxima-
tion (RPA) calculations. In addition, we also measured
spin wave excitation and single-crystal neutron diffrac-
tion patterns to determine the spin Hamiltonian and the
magnetic structure of the Eu sublattice. Finally, we will
discuss the effect of the magnetic long-range order on the
superconductivity in EuRbFe4As4.
II. EXPERIMENTAL DETAILS AND
THEORETICAL METHODS
The details of the synthesis of EuRbFe4As4 is de-
scribed in elesewhere1,2, and a magnetic susceptibility
measurement exhibits Tc = 36.5 K and TN = 15 K in
the current polycrystalline sample as shown in Supple-
mental Material54. Polycrystalline EuRbFe4As4 with a
mass of ∼ 4 g was used for our INS measurements. We
performed high- and low-energy INS measurements us-
ing two Fermi-chopper spectrometers ARCS at Spallation
Neutron Source (SNS)55 and 4SEASONS at Japan Pro-
ton Accelerator Research Complex (J-PARC)56,57. Neu-
tron incident energies Ei = 70.0 meV were used at ARCS
while Ei = 8.5 meV at 4SEASONS, and energy resolu-
tions (full width at half maximum) at the elastic chan-
nel were 3.2 and 0.36 meV, respectively. INS data were
analyzed by the software suites Utsusemi58. To reduce
the effect of neutron absorption by Eu, thin-plate cans
whose effective thickness were 1 mm (ARCS) and 0.5 mm
(4SEASONS) were used. For the absolute intensity scale
in the present INS measurements, incoherent scattering
from EuRbFe4As4 was used after correction for neutron
absorption59. Single-crystal neutron diffraction measure-
ments on EuRbFe4As4 were also carried out using the
time-of-flight (TOF) single-crystal neutron diffractome-
ter SENJU60 in J-PARC. A single crystal with dimension
about 1 × 1 × 0.1 mm3 was grown for neutron diffrac-
tion measurements, and the obtained lattice constants at
20.1 K are a = 3.85923(2) and c = 13.18563(7) A˚ for the
space group P4/mmm.
The first-principles calculation package employed is
VASP61,62, which adopts the PAW method63,64 and the
GGA exchange-correlation energy65. The number of
k points is taken as 16 × 16 × 5, and self-consistent
loops are repeated until the energy deviation becomes
less than 10−6 eV, with the cutoff energy being 500 eV.
The density functional theory often fails to handle f or-
bitals correctly due to self-interaction error of localized
f -electrons. To avoid this failure, localized 4f electrons
in Eu atoms are treated as core electrons in our calcula-
tions. In the RPA calculations, for the effective model,
maximally localized Wannier functions from twenty Fe
3d bands are constructed66. We employ the orbital-
interaction coefficient Us = aU
rs
qt,M obtained by first-
principles calculation for the 122 system67 and we put
a = 1.7. The number of k point is 96 × 96 × 8 and the
smearing factor is η = ∆0/8 where ∆0 denote supercon-
ducting gap. We take ∆0 (−∆0) on the hole (electron)
Fermi surfaces around Γ (M) point. We set ∆0 = 0.1 eV
to avoid numerical difficulty. We introduce a Gaussian
cutoff for the gap ∆νk = ∆
ν exp[−ǫνk/(4∆0)] with the
normal-state energy dispersion ǫνk on the ν-th band
68.
Linear spin wave (LSW) calculations were performed
using the SpinW software69. The squared magnetic form
factor of Eu2+ ion70 and ~ω-dependent energy resolution
for Ei = 8.5 meV at 4SEASONS
71 were included in the
LSW calculations.
III. RESULTS AND DISCUSSION
Figure 1(a) depicts the neutron scattering intensity (I)
map from EuRbFe4As4 as a function of momentum (Q)
and energy (~ω) transfers. The data at 50 K was sub-
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FIG. 1. High-energy INS results on EuRbFe4As4 mea-
sured at ARCS using Ei = 70.0 meV. In all panels, the
temperature differences between T = 4 (or 20) and 50 K
are shown. (a) Neutron scattering intensity map I(Q,~ω).
(b) Q dependences of the neutron scattering intensities with
the energy window of ~ω = [15, 20] meV. Solid line repre-
sents the Q dependence of the neutron spin resonance mode
with ~ω = [11, 16] meV in CaKFe4As4 measured at ARCS
using Ei = 70.0 meV for reference
72. (c) Energy cuts with
Q = [1.1, 1.4] A˚
−1
.
tracted from that at 4 K. There is a well localized ex-
citation in both Q and ~ω: 1.1 ≤ Q ≤ 1.3 A˚
−1
and
13 ≤ ~ω ≤ 20 meV which are comparable to the neutron
spin resonance in isostructural CaKFe4As4 (1.0 ≤ Q ≤
1.4 A˚
−1
and 9 ≤ ~ω ≤ 16 meV)72. Since the localized ex-
citation increases in intensity at lower temperature, the
observed excitation is magnetic in origin. To further clas-
sify the localized magnetic excitation in EuRbFe4As4, Q
and ~ω dependences of the neutron scattering intensities
[I(Q) and I(~ω)] are investigated.
The temperature difference of I(Q) between 4 and 50 K
is shown in Fig. 1(b). I(Q) is averaged over the energy-
transfer range of 15 ≤ ~ω ≤ 20 meV. A Gaussian func-
tion was fitted to the Q cut at 4 K, yielding the peak
position of Q = 1.27(2) A˚
−1
. As in CaKFe4As4
72,73, the
peak position in Q is close to both the Q = (0.5, 0.5) an-
tiferromagnetic wave vector (1.14 A˚
−1
) and the in-plane
propagation vector in the parent compound EuFe2As2
(1.13 A˚
−1
)9. As discussed later, the (0.5, 0.5) antifer-
romagnetic vector is in good condition for the nesting
between the electron and hole pockets at the Fermi sur-
face [Fig. 2(b)] via spin fluctuations33,34 as other iron
pnictide systems. Thus, the observedQ dependence indi-
cates that the dominant magnetic fluctuation of the FeAs
layers in EuRbFe4As4 originates in the (0.5, 0.5) nest-
ing. There is nonnegligible signal at higher Q, and the
Gaussian fitting yields the peak center Q = 1.79(3) A˚
−1
.
Recent single-crystal INS measurements on CaKFe4As4
reported the strong L dependences of the neutron spin
resonance modes, representing three dimensional nature
of the band structure73. The low-energy spin reso-
nance modes in CaKFe4As4 shows the maximum inten-
sity at Q = (0.5, 0.5, L) with odd L. In the case of
EuRbFe4As4, (0.5, 0.5, 1) and (0.5, 0.5, 3) correspond to
1.25 and 1.84 A˚
−1
, and the L dependence of the neu-
tron spin resonance, therefore, naturally explains both
the first and second peaks observed in the Q cut of
EuRbFe4As4.
The temperature difference of I(~ω) between 4 and
50 K is plotted in Fig. 1(c). I(~ω) is averaged over
1.1 ≤ Q ≤ 1.4 A˚
−1
. The intensity at 4 K is en-
hanced over the energy range of 13 ≤ ~ω ≤ 23 meV,
and the spectral-weight gain is transferred by the deple-
tion at lower energies (~ω ≤ 13 meV). These are the
typical behaviors of the neutron spin resonance observed
in many iron-based superconductors72–76. In addition,
the scattering intensity of the observed localized mode
in EuRbFe4As4 is almost the same as that of the neu-
tron spin resonance in CaKFe4As4
72 [see the solid line
in Fig. 1(b)]. Therefore, the observed localized magnetic
excitation can be assigned to be the neutron spin reso-
nance mode. By fitting a Gaussian function to I(~ω) at
4 K using the data between 13 and 24 meV, the char-
acteristic energy of the neutron spin resonance is esti-
mated to be Eres = 17.7(3) meV which is equivalent to
5.7(1)kBTc, in agreement with the quantitative relation-
ship between Eres and Tc widely reported in iron-based
superconductors26–28,72–79. The neutron spin resonance
in EuRbFe4As4 is also studied by RPA calculations as in
the following text.
We calculate the band structure and the Fermi sur-
faces of EuRbFe4As4 as shown in Figs. 2(a) and 2(b).
There are six two-dimensional cylindrical and one three-
dimensional small hole Fermi surfaces around Γ point
and four cylindrical electron Fermi surfaces around M
point, which are similar to those of CaKFe4As4
72. We
calculate the dynamical spin susceptibility χ′′(Q, ~ω) of
EuRbFe4As4 on the basis of multiorbital RPA
68 with
the use of the effective twenty-orbital three-dimensional
tight-binding model at T = 0. Figure 2(c) shows
η − ~ω dependence of the dynamical spin susceptibil-
ity of EuRbFe4As4. Here, η is the parameter which in-
dicates Q = (η, η, 0). The resonance peak due to the
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FIG. 2. (a) Electronic structures and (b) Fermi surfaces for
EuRbFe4As4. (c) Dynamical spin susceptibility χ
′′(Q, ~ω) of
EuRbFe4As4 obtained by using the multiorbital RPA with
the use of the twenty-orbital three-dimensional tight-binding
model.
s±-wave pairing states occurs around η = 0.5 or Q =
(0.5, 0.5, 0), which is similar to those in other iron-based
superconductors. The broadness of the peaks in the re-
gion 0.4 < η < 0.6 originates from the fact that there
are many Fermi surfaces with different sizes. As men-
tioned above, the optical conductivity measurements22
reported the s-wave superconductivity in EuRbFe4As4.
INS measurements and RPA calculations indicate the
sign-changing superconducting gaps on different portions
of the Fermi surfaces connected by the (0.5, 0.5) nest-
ing vector80,81. Combined with these results, we thus
conclude that s± superconducting pairing symmetry is
realized in EuRbFe4As4 as in other iron based supercon-
ductors.
In addition to the spin resonance excitation,
EuRbFe4As4 shows strong dispersive signals in the low-
energy inelastic channel (~ω ≤ 5 meV) at 4 K as we can
see in Fig. 1(a). To investigate in detail the excitation,
low-energy I(Q, ~ω) maps at T = 10.5 and 25.0 K are
2
1.5
1
0.5
0
0.80.60.40.2
 Experiment
 Calculation
(a) (b)
c
I 
(mbarn/sr/f.u./meV)
(d)ħ
ω
 (
m
e
V
)
3.5
3
2.5
2
1.5
1
0.5
0
2
1.5
1
0.5
0
0       
 
0.5       
 
1       
 
1.5       
 
2
Q (Å-1)
0      5     10    15    20    25
0     0.2   
 
0.4   
 
0.6   
  
0.8    
    
1
0       
 
0.5       
 
1       
 
1.5       
 
2
3.5
3
2.5
2
1.5
1
0.5
0
(c)
3.5
3
2.5
2
1.5
1
0.5
0
0       0.5       
 
1       
 
1.5       
 
2
FIG. 3. Low-energy INS results of EuRbFe4As4 measured
at 4SEASONS with Ei = 8.5 meV. Neutron scattering in-
tensity maps at (a) T = 10.5 and (b) 25.0 K. (c) Calculated
LSW intensity map of EuRbFe4As4 at 10.5 K. The magnetic
structure depicted in Fig. 4(c) with the intra- and inter-plane
nearest neighbor exchange couplings of J1/kB = −1.31 K and
Jc/kB = 0.08 K
10 was considered. White line shows the de-
tector coverage boundary of 4SEASONS for Ei = 8.5 meV.
(d) Experimental and calculated powder-averaged dispersion
relations of the spin wave excitation at 10.5 K in EuRbFe4As4.
Experimental dispersion relation was obtained by fitting I(Q)
at each energy window.
presented respectively in Figs. 3(a) and 3(b). At 25.0 K
(> TN), a quasielastic excitation was observed [Fig. 3(b)].
This is a common feature of the paramagnetic state of
correlated localized spins82. Indeed, the signature of the
short-range correlation above TN is also reported by the
heat capacity measurement7,10. In contrast, spin wave
dispersion develops at 10.5 K (< TN) due to the long-
range magnetic order of the Eu sublattice [Fig. 3(a)].
The magnetic excitation arises from Q = 0 (or close
to Q = 0), indicating that the dominant magnetic in-
teraction and the corresponding magnetic structure are
ferromagnetic as in conventional ferromagnetic spin sys-
tems82. To determine the peak position of the spin dis-
persion relation at low Q and ~ω, I(Q) cuts at several
energy windows are plotted in Supplemental Material54.
The Warren’s function83 was fitted to each Q cut, and
the obtained powder-averaged dispersion relation whose
shape is sinusoidal is plotted in Fig. 3(d).
To understand the spin-wave excitations from the Eu
sublattice, the magnetic structure of Eu should be de-
termined. We now discuss the magnetic structure of
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FIG. 4. (a) Single-crystal neutron diffraction patterns along
(00L) in EuRbFe4As4 at T = 4.3 and 20.1 K measured at
SENJU. Solid line is the fitting result using the magnetic
propagation vector k = (0, 0, 0.25). (b) Temperature de-
pendence of the neutron scattering intensity of the magnetic
Bragg reflection at Q = (0, 0, 1.25) in EuRbFe4As4. Dashed
line is guide to the eye. (c) Magnetic structure of the Eu sub-
lattice in EuRbFe4As4 with the magnetic propagation vector
k = (0, 0, 0.25). Dashed lines represent the chemical unit cell.
The exchange couplings J1 and Jc are also described.
the Eu sublattice in EuRbFe4As4. Easy-plane magnetic
anisotropy of the Eu2+ moments in EuRbFe4As4 is re-
ported by the single-crystal magnetic susceptibility10 and
heat capacity84 measurements as in EuFe2As2
85,86. Fur-
thermore, the recent Mo¨ssbauer spectroscopy study on
EuRbFe4As4 also reported that the Eu moments are fer-
romagnetically aligned within the ab plane7. Therefore,
the remaining issue on the determination of the mag-
netic structure of the Eu sublattice in EuRbFe4As4 is how
the two-dimensional in-plane ferromagnetic layers stack
along the c axis. Magnetic Bragg reflections along the
(00L) direction give crucial information to address the
issue. As such, single-crystal neutron diffraction mea-
surements along (00L) below and above TN were per-
formed. As shown in Fig. 4(a), at 4.3 K, several mag-
netic Bragg peaks were observed as satellite peaks be-
side the nuclear Bragg peaks with integer L, and the
temperature dependence of the neutron scattering in-
tensity of the magnetic Bragg peak at Q = (0, 0, 1.25)
clearly represents the evolution of the long-rang mag-
netic order below TN = 15 K [Fig. 4(b)]. Magnetic
Bragg reflections appear at L = 0.75, 1.25, 1.75, 2.25,
2.75, and 3.25, yielding the magnetic propagation vec-
tor k = (0, 0, 0.25). As described by the solid line in
Fig. 4(a), the neutron diffraction pattern along (00L)
at 4.3 K is well fitted by considering k = (0, 0, 0.25);
the amplitude and width of the Gaussian function for
each peak as well as background are varied. It should
be noted that the neutron diffraction results along (00L)
can only determine the relative angle between the adja-
cent Eu layers but not the in-plane direction of the Eu
moments. For determination of the in-plane anisotropy
in EuRbFe4As4, the magnetization curves along 〈100〉
and 〈110〉 are measured at 2 K as shown in Supplemen-
tal Material54. The 〈110〉 direction seems to be the easy
axis, and the easy axis in EuRbFe4As4 is the same as
that in EuFe2As2
13,14. The obtained magnetic structure
is illustrated in Fig. 4(c). Three-dimensional antiferro-
magnetic order of the Eu sublattice can be seen, and the
relative angle between Eu spins belonging to the nearest-
neighbor layers is 90◦.
Comparison between semi-classical LSW calculation
and spin wave excitation provides us abundant infor-
mation about the spin Hamiltonian87. Here, we con-
sider the following spin Hamiltonian for EuRbFe4As4:
H = J1
∑
i,j Si · Sj + Jc
∑
i,j Si · Sj where S is the spin
operator of Eu2+ ions (S = 7/2). J1 and Jc are the intra-
and inter-plane nearest neighbor exchange coupling con-
stants between Eu2+ ions [Fig. 4(c)]. The magnetic struc-
ture determined by our single-crystal neutron diffraction
measurements illustrated in Fig. 4(c) is considered. Since
Jc is expected to be much smaller than J1, we used the
fixed value for Jc (0.08 K) determined by the single crys-
tal magnetization measurements10. Fitting calculated
powder-averaged dispersion relation to the experimental
result as shown in Fig. 3(d) yields the intra-plane ferro-
magnetic exchange constant J1/kB = −1.31(1) K. Sim-
ilar intra-plane exchange coupling (J1/kB ∼ −1 K) was
reported in EuFe2As2 based on the local spin density ap-
proximation with the Coulomb repulsion (LSDA+U)9.
Calculated LSW intensity map in Fig. 3(c) reproduces
the experiment [Fig. 3(a)] well; we mention that the
LSW spectra based on Jc = 0.08 K and 0 are al-
most the same as shown in Figs. 3(c) and Supplemen-
tal Material54. Mean field approximation theory can
6estimate the Curie-Weiss temperature by the equation
θ = −(z1J1+zcJc)S(S+1)/3kB. Here, the number of the
nearest neighbor bonds z1 and zc are 4 and 2 [Fig. 4(c)].
By using J1 obtained by our LSW analysis and Jc
10, we
estimate θ = 26.7 K in good agreement with the reported
value (23.6 K) estimated by the susceptibility measure-
ments3. This result further corroborates the validity of
our LSW analysis. Important to be noted is that the fur-
ther distance interaction along c is required to account for
the obtained magnetic structure [Fig. 4(c)] which is not
the conventional A-type antiferromagnetic order. Since
the further distance interaction along c is expected to be
very small, it is difficult to determine such interaction
unless measuring a single crystal, which is left for future
work.
Finally, we discuss the coupling between the long-range
magnetic order of the Eu sublattice and the supercon-
ductivity of the FeAs layers in EuRbFe4As4. Q and ~ω
dependences of the neutron spin resonance below and
above TN are compared in Figs. 1(b) and 1(c). Onset of
the long-range order of the Eu sublattice does not induce
any noticeable change in both Q and ~ω dependences
of the neutron spin resonance mode within the accuracy
of our INS measurements. It should be noted that Tc
in EuRbFe4As4 is the highest among the 1144 systems
although other 1144 compounds contain no local mag-
netic moment1–3. EuRbFe4As4 do not exhibit the reen-
trant superconductivity below TN
2,3 as mentioned above.
In Ni-doped EuRb(Fe1−xNix)4As4, the magnetic transi-
tion temperature of the Eu sublattice is independent of
the Ni content x although Tc decreases rapidly
12. More-
over, substitution of nonmagnetic Ca decreases TN while
Tc is independent in the (Eu1−xCax)RbFe4As4 system
88.
Therefore, we conclude that the long-range magnetic or-
der in the Eu sublattice plays a minor role in the su-
perconductivity of the FeAs layers in EuRbFe4As4. This
may be reasonable because the Eu-4f bands locate 2.7 eV
below the Fermi energy in EuRbFe4As4
89 as in doped
EuFe2As2 systems
9,18,41,90,91.
IV. CONCLUSION
In this work, we investigate both the static and dy-
namic magnetism in EuRbFe4As4. On one hand, the
spin resonance studied by INS measurements and PRA
calculations in conjunction with the optical conductivity
measurements22 presents the strong evidence in favor of
the sign-reversed s± superconductivity. Our results show
that EuRbFe4As4 belongs to the same paradigm carry-
ing s± superconductivity as other iron pnictide systems
although there is a static field from the long-range order
of Eu2+. On the other hand, neutron diffraction mea-
surements and LSW analysis determined the magnetic
structure and the spin Hamiltonian of the Eu sublattice.
No signature of coupling between the long-range mag-
netic order of the Eu sublattice and the superconductiv-
ity of the FeAs layers in EuRbFe4As4 was observed in
the (Q, ~ω) region probed in the current measurements.
To our best knowledge, this is the first INS study on Eu-
containing iron-based superconductors for investigating
the superconducting pairing symmetry and possible in-
terplay between superconductivity and long-range mag-
netic order of Eu.
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